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a b s t r a c t
Molodtsov (1999) initiated the concept of soft sets in [1]. Maji et al. (2003) defined some
operations on soft sets in [22]. Aktaş and Çağman (2007) generalized soft sets by defining
the concept of soft groups in [16]. After them, Sun et al. (2008) gave soft modules in [21].
In this paper, the concept of an intuitionistic fuzzy soft module is introduced and some
operations on intuitionistic fuzzy soft sets are given. Finally, some of its basic properties
are studied.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Many practical problems in economics, engineering, environment, social science, medical science etc. cannot be dealt
with by classical methods, because classical methods have inherent difficulties. The reason for these difficulties may be
due to the inadequacy of the theories of parameterization tools. Molodtsov [1] initiated the concept of soft set theory as a
newmathematical tool for dealing with uncertainties. After Molodtsov’s work, some different applications of soft sets were
studied in [2]. Maji et al. [3] presented the concept of fuzzy soft sets. The theory of fuzzy sets, first developed by Zadeh
in [4], is perhaps the most appropriate framework for dealing with uncertainties. Rosenfeld [5] proposed the concept of
fuzzy groups in order to establish the algebraic structures of fuzzy sets. Several researchers have studied fuzzy modules, for
example, [6–12]. The concept of intuitionistic fuzzy sets which is a generalization of fuzzy sets was introduced by Atanassov
in [13]. Davvaz [14] defined the concept of intuitionistic fuzzy module by using intuitionistic fuzzy sets. Gunduz (Aras) and
Davvaz in [15] did some investigations on intuitionistic fuzzy modules. Aktaş and Çağman [16] defined soft groups and
compared soft sets with fuzzy sets and rough sets. Feng et al. [17] gave soft semirings and Acar et al. [18] introduced initial
concepts of soft rings. After that the definition of fuzzy soft groupswas given by some authors [19,20]. Qiu-Mei Sun et al. [21]
defined soft modules and investigated their basic properties.
The main purpose of this paper is to introduce a basic version of intuitionistic fuzzy soft module theory, which extends
the notion of modules by including some algebraic structures in soft sets. Finally, we investigate some basic properties of
intuitionistic fuzzy soft modules.
2. Preliminaries
In this section, we recall some basic concepts of fuzzy soft set theory. Let E be a convenient parameter set for the
universe X .
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Definition 2.1 ([22]). Let X be an initial universe set and E be a set of parameters. A pair (F , E) is called a soft set over X if
and only if F is a mapping from E into the set of all subsets of the set X , i.e., F : E → P(X), where P(X) is the power set of X .
In other words, the soft set is a parameterized family of subsets of the set X . Every set F(e), for every e ∈ E, may be
considered as the set of e-elements of the soft set (F , E), or as the set of e-approximate elements of the soft set.
In this manner, a soft set (F , E) is given as consisting of a collection of approximations:
(F , E) = {F(e) : e ∈ E} .
Definition 2.2 ([3]). Let IX denote the set of all fuzzy sets on X and A ⊂ E. A pair (f , A) is called a fuzzy soft set over X , where
f is a mapping from A into IX . That is, for each a ∈ A, f (a) = fa : X → I , is a fuzzy set on X .
Definition 2.3 ([3]). For two fuzzy soft sets (f , A) and (g, B) over a common universe X , we say that (f , A) is a fuzzy soft
subset of (g, B) and write (f , A) ⊆ (g, B) if
(i) A ⊂ B, and
(ii) For each a ∈ A, fa ≤ ga, that is, fa is fuzzy subset of ga.
Definition 2.4 ([3]). Two fuzzy soft sets (f , A) and (g, B) over a common universe X are said to be equal if (f , A) ⊆ (g, B)
and (g, B) ⊆ (f , A).
Definition 2.5 ([3]). Union of two fuzzy soft sets (f , A) and (g, B) over a common universe X is the fuzzy soft set (h, C),
where C = A ∪ B and
h(c) =
fc, if c ∈ A− B
gc, if c ∈ B− A
fc ∨ gc, if c ∈ A ∩ B,
∀c ∈ C .
It is denoted as (f , A) ∪ (g, B) = (h, C).
Definition 2.6 ([3]). Intersection of two fuzzy soft sets (f , A) and (g, B) over a common universe X is the fuzzy soft set (h, C),
where C = A ∩ B and hc = fc ∧ gc, ∀c ∈ C .
It is written as (f , A) ∩ (g, B) = (h, C).
Definition 2.7 ([3]). If (f , A) and (g, B) are two soft sets, then (f , A) AND (g, B) is denoted as (f , A) ∧ (g, B). (f , A) ∧ (g, B)
is defined as (h, A× B)where h(a, b) = ha,b = fa ∧ gb,∀(a, b) ∈ A× B.
Now, letM be a left R-module, A be any nonempty set. F : A → P(M) refers to a set-valued function and the pair (F , A)
is a soft set overM .
Definition 2.8 ([21]). Let (F , A) be a soft set overM . (F , A) is said to be a soft module overM if and only if F(x) < M for all
x ∈ A.
Definition 2.9 ([21]). Let (F , A) and (G, B) be two soft modules overM andN respectively. Then (F , A)× (G, B) = (H, A×B)
is defined as H(x, y) = F(x)× G(y) for all (x, y) ∈ A× B.
Proposition 2.10 ([21]). Let (F , A) and (G, B) be two soft modules over M and N respectively. Then (F , A)×(G, B) is soft module
over M × N.
Definition 2.11 ([21]). Let (F , A) and (G, B) be two soft modules overM and N respectively, f : M → N, g : A → B be two
functions. Then we say that (f , g) is a soft homomorphism if the following conditions are satisfied:
(1) f is a homomorphism fromM onto N ,
(2) g is a mapping from A onto B, and
(3) f (F(x)) = G(g(x)) for all x ∈ A.
Definition 2.12 ([19]). Let (F , A) be a fuzzy soft set over G. Then (F , A) is said to be a fuzzy soft group over G if and only if
F(x) is a fuzzy subgroup of G, for all x ∈ A.
Theorem 2.13 ([19]). Let (F , A) and (H, A) be two fuzzy soft groups over G. Then their intersection (F , A)
∼∩(H, A) is a fuzzy soft
group over G.
Theorem 2.14 ([19]). Let (F , A) and (H, B) be two fuzzy soft groups over G. If A ∩ B = Ø, then (F , A) ∼∪(H, B) is a fuzzy soft
group over G.
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Theorem 2.15 ([19]). Let (F , A) and (H, B) be two fuzzy soft groups over G. Then (F , A) ∧ (H, B) is a fuzzy soft group over G.
Definition 2.16 ([13]). An intuitionistic fuzzy set A in a non-empty set X is an object having the form
A = {(x, µA(x), λA(x)) |x ∈ X } ,
where the functions µA : X → [0, 1] and λA : X → [0, 1] denote the degree of membership (namely µA(x)) and the degree
of nonmembership (namely λA(x)) of each element x ∈ X to the set A, respectively, and 0 ≤ µA(x)+λA(x) ≤ 1 for all x ∈ X .
For the sake of simplicity, we shall use the symbol A = (µA, λA) for the intuitionistic fuzzy set {(x, µA(x), λA(x))|x ∈ X}.
Definition 2.17 ([14]). LetM be amodule over a ring R. An intuitionistic fuzzy set A = (µA, λA) inM is called an intuitionistic
fuzzy submodule ofM if
(1) µA(0) = 1,
(2) min{µA(x), µA(y)} ≤ µA(x− y) for all x, y ∈ M ,
(3) µA(x) ≤ µA(r.x) for all x ∈ M and r ∈ R,
(4) λA(0) = 0,
(5) λA(x− y) ≤ max{λA(x), λA(y)} for all x, y ∈ M ,
(6) λA(r.x) ≤ λA(x) for all x ∈ M and r ∈ R.
Definition 2.18 ([15]). Themap f : (M, µ, λ)→ (M ′, µ′, λ′) is a homomorphism of intuitionistic fuzzymodules if and only
if the conditions µ′(f (x)) ≥ µ(x) and λ′(f (x)) ≤ λ(x) are satisfied.
3. Intuitionistic fuzzy soft modules
In this section, we firstly define an intuitionistic fuzzy soft set and give some operations on this set. Let X be an initial
universe set and IFS(X) denote the family of intuitionistic fuzzy sets on X .
Definition 3.1. Let IFS(X) denote the set of all intuitionistic fuzzy sets on X and A ⊂ E. A pair (F , A) is called an intuitionistic
fuzzy soft set over X , where F is a mapping from A into IFS(X). That is, for each a ∈ A, F(a) = (Fa, F a) : X → I is an
intuitionistic fuzzy set on X , where Fa, F a : X → I are fuzzy sets.
Definition 3.2. For two intuitionistic fuzzy soft sets (F , A) and (G, B) over a common universe X , we say that (F , A) is an
intuitionistic fuzzy soft subset of (G, B) and write (F , A) ⊆ (G, B) if
(i) A ⊂ B, and
(ii) For each a ∈ A, Fa ≤ Ga, F a ≥ Ga.
Definition 3.3. Two intuitionistic fuzzy soft sets (F , A) and (G, B) over a common universe X are said to be equal if
(F , A) ⊆ (G, B) and (G, B) ⊆ (F , A).
Definition 3.4. Union of two intuitionistic fuzzy soft sets (F , A) and (g, B) over a common universe X is the intuitionistic
fuzzy soft set (H, C), where C = A ∪ B and
H(c) =

(Fc, F c), if c ∈ A− B
(Gc,Gc), if c ∈ B− A
(Fc ∨ Gc, F c ∧ Gc) if c ∈ B ∩ A,
∀c ∈ C .
It is denoted as (F , A) ∪ (G, B) = (H, C).
Definition 3.5. The intersection of two intuitionistic fuzzy soft sets (F , A) and (G, B) over a common universe X is the
intuitionistic fuzzy soft set (H, C), where C = A ∩ B and H(c) = (Fc ∧ Gc, F c ∨ Gc), ∀c ∈ C .
It is written as (F , A) ∩ (G, B) = (H, C).
Definition 3.6. If (F , A) and (G, B) are intuitionistic two soft sets, then (F , A) AND (G, B) is denoted as (F , A) ∧ (G, B).
(F , A) ∧ (G, B) is defined as (H, A× B)where H(a, b) = (Fa ∧ Gb, F a ∨ Gb), ∀(a, b) ∈ A× B.
In this paper R is an ordinary ring. LetM be a left (or right) R- module, and let A ≠ Ø be a set. IFS(M) denotes the family
of intuitionistic fuzzy sets overM .
Definition 3.7. Let (F , A) be an intuitionistic fuzzy soft set overM . Then (F , A) is said to be an intuitionistic fuzzy softmodule
overM iff ∀a ∈ A, F(a) = (Fa, F a) is an intuitionistic fuzzy submodule ofM .
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Definition 3.8. Let (F , A) and (H, B) be two intuitionistic fuzzy soft modules overM and N respectively, and let f : M → N
be a homomorphism of modules, and let g : A → B be a mapping of sets. Then we say that (f , g) : (F , A) → (H, B) is an
intuitionistic fuzzy soft homomorphism of intuitionistic fuzzy soft modules, if the following conditions are satisfied:
f (Fa) = Hg(a), f (F a) = Hg(a).
We say that (F , A) is an intuitionistic fuzzy soft homomorphic to (H, B).
Note that for ∀a ∈ A, f : (M, Fa, F a)→ (N,Hg(a),Hg(a)) is an intuitionistic fuzzy homomorphism of intuitionistic fuzzy
modules [15].
Intuitionistic fuzzy soft modules and their morphisms consist of a category. This category is denoted IFSM .
Theorem 3.1. Let (F , A) and (H, B) be two intuitionistic fuzzy soft modules over M. Then their intersection (F , A)∩ (H, B) is an
intuitionistic fuzzy soft module over M.
Proof. Let (F , A) ∩ (H, B) = (G, C), where C = A ∩ B. Since the intuitionistic fuzzy soft set (Gc,Gc) = (Fc ∧ Hc, F c ∨ Hc) is
an intuitionistic fuzzy submodule, for ∀c ∈ C, (G, C) is an intuitionistic fuzzy soft module overM . 
Theorem 3.2. Let (F , A) and (H, B) be two intuitionistic fuzzy soft modules over M. Then (F , A)∧(H, B) is an intuitionistic fuzzy
soft module over M.
Proof. By Definition 2.7, we can write (F , A) ∧ (H, B) = (G, A × B). Since (Fa, F a) and (Hb,Hb) are intuitionistic fuzzy
submodules of M, (Fa ∧ Hb, F a ∨ Hb) is an intuitionistic fuzzy submodule of M . Thus, G(a, b) =

Fa ∧ Hb, F a ∨ Hb

is an
intuitionistic fuzzy submodule ofM , for all (a, b) ∈ A× B. Hence, we find that (F , A) ∧ (H, B) is an intuitionistic fuzzy soft
module overM . 
Theorem 3.3. Let (F , A) and (H, B) be two intuitionistic fuzzy soft modules over M. If A ∩ B = Ø, then (F , A) ∪ (H, B) is a
intuitionistic fuzzy soft module over M.
Proof. ByDefinition 2.5, we canwrite (F , A)∪(H, B) = (G, C). Since A∩B = Ø, it follows that either c ∈ A−B or c ∈ B−A for
all c ∈ C . If c ∈ A− B, then G(b) = (Fb, F b) is an intuitionistic fuzzy submodule ofM , and if c ∈ B− A, then G(b) = (Hb,Hb)
is an intuitionistic fuzzy submodule ofM . Hence, (F , A) ∪ (H, B) is an intuitionistic fuzzy soft module overM . 
Definition 3.9. Let (F , A) and (H, B) be two intuitionistic fuzzy soft modules over M . Then (F , A) is called an intuitionistic
fuzzy soft submodule of (H, B) if
(1) A ⊂ B.
(2) For all a ∈ A, (Fa, F a) is an intuitionistic fuzzy submodule of (Ha,Ha).
Theorem 3.4. Let (F , A) and (H, A) be two intuitionistic fuzzy soft modules over M. If F(a) ≤ H(a) for all a ∈ A, then (F , A) is
an intuitionistic fuzzy soft submodule of (H, A).
Proof. The proof of the theorem is straightforward. 
The following theorem is a generalized form of Theorems 3.1–3.3.
Theorem 3.5. Let (F , A) be an intuitionistic fuzzy soft module over M, and let {(Fi, Ai)}i∈I be nonempty family of intuitionistic
fuzzy soft submodules of (F , A). Then
(1)
∏
i∈I(Fi, Ai) is an intuitionistic fuzzy soft submodule of (F , A),
(2) ∧i∈I(Fi, Ai) is an intuitionistic fuzzy soft submodule of (F , A),
(3) If Ai ∩ Aj = Ø, for all i, j ∈ I , then ∨i∈I(Fi, Ai) is an intuitionistic fuzzy soft submodule of (F , A).
Let (F , A) and (H, B) be two intuitionistic fuzzy soft modules overM and N respectively, and (f , g) : (F , A)→ (H, B) be
an intuitionistic fuzzy soft homomorphism of these modules.
Now in this section we introduce the kernel and image of fuzzy soft homomorphism of intuitionistic fuzzy soft modules.
Let M ′ = ker f . Define F ′ : A → IFS(M ′) by F ′a = Fa |′M , F ′a = F a |′M . Then (F ′, A) is an intuitionistic fuzzy soft module over
M ′. It is clear that this module is an intuitionistic fuzzy soft submodule of (F , A).
Definition 3.10. (F ′, A) is said to be kernel of (f , g) and denoted by ker(f , g).
Now, let B′ = g(A). Then for all b ∈ B′, there exists a ∈ A such that g(a) = b. Let N ′ = Imf < N . We define the
mapping H ′ : B′ → IFS(N ′) as H ′(b′) = (Hg(a) |′N ,Hg(a) |′N). Since (f , g) is an intuitionistic fuzzy soft homomorphism,
f (Fa) = Hg(a), f (F a) = Hg(a) is satisfied for all a ∈ A. Then the pair (H ′, B′) is an intuitionistic fuzzy soft module over N ′ and
(H ′, B′) is an intuitionistic fuzzy soft submodule of (H, B).
Definition 3.11. (H ′, B′) is said to be the image of (f , g) and denoted by Im(f , g).
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Proposition 3.6. Let (F , A) be an intuitionistic fuzzy soft module over M and N be an R-module and f : M → N be a homomor-
phism of R-modules. Then (f (F), A) is an intuiitionistic fuzzy soft module over N.
Proof. If the mapping f (F) : A → IFS(N) is defined by
(f (F))a(y) = sup {Fa(x) : f (x) = y} , (f (F))a(y) = inf

F a(x) : f (x) = y ,
the proof is complete. 
Note that (f , 1A) : (F , A)→ (f (F), A) is an intuitionistic fuzzy soft homomorphism of intuitionistic fuzzy soft modules.
Proposition 3.7. If M is an R-module, (H, A) is an intuitionistic fuzzy soft module over N and f : M → N is a homomorphism
of R-modules, then (f −1(H), A) is an intuitionistic fuzzy soft module over M.
Proof. If the mapping f −1(H) : A → IFS(M) is defined by
(f −1(H))a(x) = Ha(f (x)), (f −1(H))a(x) = Ha(f (x)),
the proof is complete. 
It is clear that (f , 1A) : (f −1(H), A) → (H, A) is an intuitionistic fuzzy soft homomorphism of intuitionistic fuzzy soft
modules.
Lemma 3.8. Let M and N be an R-modules and f : M → N be an R-homomorphism and (F , A) and (H, A) are two intuitionistic
fuzzy soft modules over M and N respectively.
(i) (f , 1A) : (F , A) → (H, A) is a intuitionistic fuzzy soft homomorphism if and only if for all a ∈ A,Ha ≥ f (Fa),Ha ≤ f (F a)
are satisfied.
(ii) (f , 1A) : (F , A) → (H, A) is an intuitionistic fuzzy soft homomorphism if and only if for all a ∈ A, Fa ≤ f −1(Ha), F a ≥
f −1(Ha) are satisfied.
Now we define other algebraic operations over intuitionistic fuzzy soft modules. For this, we firstly give these algebraic
operations over soft modules.
Let {(Fi, Ai)}i∈I be a family of soft modules over {Mi}i∈I . Define
F :
∏
i∈I
Ai →
∏
i∈I
Mi
by F({ai}) = ∏i∈I F(ai). Since ∏i∈I F(ai) is a submodule of ∏i∈I Mi, F ,∏i∈I Ai is a soft module over ∏i∈I Mi. This soft
module is denoted as
∏
i∈I(Fi, Ai).
Definition 3.12.
∏
i∈I(Fi, Ai) is said to be direct product of soft modules.
It is clear that if pi : ∏i∈I Mi → Mi and qi : ∏i∈I Ai → Ai are projection mappings, then (pi, qi) : ∏i∈I(Fi, Ai)→ (Fi, Ai)
is a soft homomorphism of soft modules.
Proposition 3.9. Let {(Fi, Ai)}i∈I be a family of soft modules over {Mi}i∈I and {(Hi, Bi)}i∈I be a family of soft modules over {Ni}i∈I
and (fi, gi) : (Fi, Ai)→ (Hi, Bi) be a soft homomorphism of soft modules for each i ∈ I . Then
∏
i∈I fi,
∏
i∈I gi
 : ∏i∈I(Fi, Ai)→∏
i∈I(Hi, Bi) is a soft homomorphism of soft modules.
Proof. Since (
∏
i fi) ◦
∏
i Fi
 =∏i(fi ◦ Fi) =∏i(Ki ◦ gi) = ∏i Ki ◦ ∏i gi, the proof is complete. 
Here, we denote the category of soft modules as SM .
Proposition 3.10.
∏ :∏ SM → SM is a functor.
Now, let the parameter set of {(Fi, Ai)}i∈I be a fixed point. We denote the fixed point of Ai as a0i and let Fi(a0i) = 0. For
A = ∏i∈I Ai andM = ⊕i∈I Mi, we define the mapping F : A → M by F(a) = ⊕i∈I F(ai), for all a = {ai} ∈ A. Then, (F , A) is a
soft module overM .
Definition 3.13. (F , A) is said to be direct sum of {(Fi, Ai)}i∈I and denoted as⊕i∈I(Fi, Ai).
The mapping ϕj : Aj → ∏i∈I Ai is defined by ϕj(aj) = {ai} such that if i ≠ j, then ai = a0i and if i = j, then ai = a. Also
for embedding mapping qj : Mj →⊕i∈I Mi, (qj, ϕj) : (Fj, Aj)→ (F , A) is a soft homomorphism of soft modules.
Proposition 3.11. Let {(Fi, Ai)}i∈I and {(Hi, Bi)}i∈I be family of soft modules over {Mi}i∈I and {Ni}i∈I , respectively, and let
(fi, gi) : (Fi, Ai) → (Hi, Bi) be a soft homomorphism of soft modules. Then gi : (Ai, a0i) → (Bi, b0i) is a mapping of fixed
pointed set, i.e., gi(a0i) = b0i . Also
⊕i∈I fi,∏i∈I gi : ⊕i∈I(Fi, Ai)→⊕i∈I(Hi, Bi) is a soft homomorphism of soft modules.
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Proposition 3.12. ⊕ :∏ SM → SM is a functor.
Theorem 3.13. If {(Fi, AI˙)}i∈I is a family of intuitionistic fuzzy soft modules over {Mi}i∈I , then
∏
i∈I(Fi, Ai) is an intuitionistic
fuzzy soft module over
∏
i∈I Mi.
Proof. Define F : ∏i∈I Ai → ∏i∈I Mi by F({ai}) = (∨i∈I p−1i (Fi)ai ,∧i∈I p−1i (Fi)ai ), where pi : ∏i∈I Mi → Mi is a
projection mapping. Since (p−1i (Fi)ai , p
−1
i (Fi)
ai) : ∏i∈I Mi → [0, 1] is an intuitionistic fuzzy soft module over∏i∈I Mi,for
all i ∈ I, (∨i∈I p−1i (Fi)ai ,∧i∈I p−1i (Fi)ai) is also an intuitionistic fuzzy soft module over
∏
i∈I Mi. 
Theorem 3.14. If {(Fi, AI˙)}i∈I is a family of intuitionistic fuzzy soft modules over the family of modules {Mi}i∈I , then⊕i∈I(Fi, Ai)
is an intuitionistic fuzzy soft module over ⊕i∈I Mi.
Proof. Define F : ∏i∈I Ai → ⊕i∈I Mi for all {ai} ∈ ∏i∈I Ai by F({ai}) = (∧i∈I ji(Fi)ai ,∨i∈I ji(Fi)ai) where ji : Mi → ⊕i∈I Mi is
an embedding mapping. Since (ji(Fi)ai , ji(Fi)
ai) is an intuitionistic fuzzy soft submodule over ⊕i∈I Mi for all i ∈ I, F({ai}) is
an intuitionistic fuzzy submodule over⊕i∈I Mi. 
Lemma 3.15. (1) Given modules {Mi}i∈I and N and a family of R-homorphisms A = {fi : Mi → N}i∈I . If {(Fi, AI˙)}i∈I are
intuitionistic fuzzy soft modules over {Mi}i∈I , then there exist an intuitionistic fuzzy soft module

H,
∏
i∈I Ai

over N such
that for all i ∈ I ,
fi : (Fi, Ai)→

H,
∏
i∈I
Ai

is an intuitionistic fuzzy soft homomorphism of intuitionistic fuzzy soft modules.
(2) Given modules M and {Ni}i∈I and a family of R-homorphisms B = {gi : M → Ni}i∈I . If {(Hi, BI˙)}i∈I are intuitionistic fuzzy
soft modules over {Ni}i∈I , then there exists an intuitionistic fuzzy soft module

F ,
∏
i∈I Ai

over M such that for all i ∈ I ,
gi :

F ,
∏
i∈I
Ai

→ (Hi, Bi)
is an intuitionistic fuzzy soft homomorphism of intuitionistic fuzzy soft modules.
Proof. (1) Define H :∏i∈I Ai → N by H({ai}) = (∨i fi(Fi)ai ,∧i fi(Fi)ai).
(2) Define F :∏i∈I Ai → M by F(a) = (∧i∈I g−1i (Fi)ai ,∨i∈I g−1i (Fi)ai) for all a = {ai} ∈∏i∈I Ai. 
By using this lemma, we define the concepts of submodule, quotient module, product and coproduct operations in the
category of intuitionistic fuzzy soft modules.
Corollary 3.1. If (F , A) is an intuitionistic fuzzy soft module over M and N is a submodule of M and i : N → M is an embedding
mapping, then (i−1(F), A) is an intuitionistic fuzzy soft module over N.
Corollary 3.2. If (F , A) is an intuitionistic fuzzy soft module over M and p : M → M/ ∼ is a canonical projection, then (p(F), A)
is an intuitionistic fuzzy soft module over quotient module M/ ∼.
If {(Fi, AI˙)}i∈I is a family of intuitionistic fuzzy soft modules over the family of modules {Mi}i∈I , then we can define the
product and coproduct of these families by
∏
i∈I(Fi, Ai) and⊕i∈I(Fi, Ai), respectively.
Theorem 3.16. The category of intuitionistic fuzzy soft modules has zero objects, sums, product, kernel and cokernel.
Let M and N be, respectively, right and left modules over R(ring). Let (F , A) and (G, B) be two soft modules over M and
N , respectively. We consider tensor product of modules asM ⊗ N . The mapping
F ⊗ G : A× B → M ⊗ N
is defined by (F ⊗ G)(a, b) = F(a)⊗ G(b), for ∀(a, b) ∈ A× B.
Proposition 3.17. (F ⊗ G, A× B) is a soft module over M ⊗ N.
Proof. For∀(a, b) ∈ A×B, F(a), G(b) are submodules ofM andN , respectively. Since themodule F(a)⊗G(b) is a submodule
ofM ⊗ N , the proof is complete. 
Definition 3.14. (F ⊗ G, A× B) is said to be tensor product of (F , A) and (G, B) and denoted by (F , A)⊗ (G, B).
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Now, let (F , A) and (G, B) be two intuitionistic fuzzy soft modules over M and N , respectively. We give the following
mapping
F ⊗ G : A× B → M ⊗ N
by (F ⊗ G)(a, b) = (Fa ⊗ Gb, F a ⊗ Gb), for ∀(a, b) ∈ A× B [15].
Theorem 3.18. (F ⊗ G, A× B) is an intuitionistic fuzzy soft module over M ⊗ N.
Proof. For ∀(a, b) ∈ A× B, (M, Fa, F a) and (N,Gb,Gb) are intuitionistic fuzzy soft modules. From [15] (Fa ⊗ Gb, F a ⊗ Gb) is
an intuitionistic fuzzy submodule overM ⊗ N . Then (F ⊗ G, A× B) is an intuitionistic fuzzy soft module overM ⊗ N . 
Definition 3.15. (F ⊗ G, A× B) is said to be tensor product of (F , A) and (G, B), and denoted by (F , A)⊗ (G, B).
4. Conclusion
This paper summarized the basic concepts of intuitionistic fuzzy soft sets and intuitionistic fuzzy soft modules. By using
these concepts, we studied the algebraic properties of intuitionistic fuzzy soft sets in module structure. This work focused
on intuitionistic fuzzy soft modules, intuitionistic fuzzy soft submodules, and intuitionistic fuzzy soft homomorphisms. To
extend this work, one could study the properties of intuitionistic fuzzy soft sets in other algebraic structures such as rings
and fields.
References
[1] D. Molodtsov, Soft set theory—first results, Computers & Mathematics with Applications 37 (1999) 19–31.
[2] P.K. Maji, A.R. Roy, An Application of soft sets in a decision making problem, Computers & Mathematics with Applications 44 (2002) 1077–1083.
[3] P.K. Maji, R. Bismas, A.R. Roy, Fuzzy soft sets, The Journal of Fuzzy Mathematics 9 (3) (2001) 589–602.
[4] L.A. Zadeh, Fuzzy sets, Information and Control 8 (1965) 338–353.
[5] A. Rosenfeld, Fuzzy groups, Journal of Mathematical Analysis and Applications 35 (1971) 512–517.
[6] S.R. Lopez-Permouth, D.S. Malik, On categories of fuzzy modules, Information Sciences 52 (1990) 211–220.
[7] S.R. Lopez-Permouth, Lifting Morita equivalence to categories of fuzzy modules, Information Sciences 64 (1992) 191–201.
[8] M.M. Zahedi, Some results on fuzzy modules, Fuzzy Sets and Systems 55 (1993) 355–361.
[9] M.M. Zahedi, R. Ameri, Fuzzy exact sequence in category of fuzzy modules, Journal of Fuzzy Mathematics 2 (2) (1994) 409–424.
[10] M.M. Zahedi, R. Ameri, On fuzzy projective and injective modules, Journal of Fuzzy Mathematics 3 (1) (1995) 181–190.
[11] M.M. Zahedi, R. Ameri, Fuzzy flat and faithfully flat R-modules, Journal of Fuzzy Mathematics (1997) 855–864.
[12] R. Ameri, M.M. Zahedi, Fuzzy chain complex and fuzzy homotopy, Fuzzy Sets and Systems 112 (2000) 287–297.
[13] K.T. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems 20 (1986) 87–96.
[14] B. Davvaz, W.A. Dudek, Y.B. Yun, Intuitionistic fuzzy Hν -submodules, Information Sciences 176 (2006) 285–300.
[15] C. Gunduz Aras, B. Davvaz, The universal coefficient theorem in the category of intuitionistic fuzzymodules, Utilitas Mathematica 81 (2010) 131–156.
[16] H. Aktaş, N. Çağman, Soft sets and soft group, Information Science 177 (2007) 2726–2735.
[17] F. Feng, Y.B. Jun, X. Zhao, Soft semirings, Computers & Mathematics with Applications 56 (2008) 2621–2628.
[18] U. Acar, F. Koyuncu, B. Tanay, Soft sets and soft rings, Computers & Mathematics with Applications 59 (2010) 3458–3463.
[19] L. Jin-liang, Y. Rui-xia, Y. Bing-xue, Fuzzy soft sets and fuzzy soft groups, in: Chinese Control and Decision Conference, 2008, pp. 2626–2629.
[20] A. Aygünoğlu, H. Aygün, Introduction to fuzzy soft groups, Computers & Mathematics with Applications 58 (2009) 1279–1286.
[21] Qiu-Mei Sun, Zi-Liong Zhang, Jing Liu, Soft sets and soft modules, Lecture Notes in Computer Science 5009 (2008) 403–409.
[22] P.K. Maji, R. Bismas, A.R. Roy, Soft set theory, Computers & Mathematics with Applications 45 (2003) 555–562.
Further reading
[1] A.R. Roy, P.K. Maji, A fuzzy soft set theoretic approach to decision making problems, Journal of Computational and Applied Mathematics 203 (2007)
412–418.
